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Abstract 
The nickel base superalloy, supercast 247A gains its appropriate microstructure and high temperature strength through 
precipitation hardening mechanism. Because of their service conditions, tensile properties of the alloy have strong influence on 
stability and life of the turbine blades. Tensile fracture mechanisms of the cast and heat treated superalloy were studied in 
ambient temperature, with a constant strain rate of 0.1 mm per minute. Scanning electron microscopy was used to provide 
structural and fractography evidence of the nickel base superalloy supercast 247A of different heat treatment conditions. The 
fractography results of the tensile tested specimens were in good agreement with the variation in alloy ductility. Many 
fractography features such as transgranular and intergranular fracture with fine dimples, cleaved facets and a combination of 
them were observed in the specimens tested at different heat treatment temperatures. 
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1. Introduction 
The Nickel-based super alloys, used in modern gas turbines, are continuously being developed to increase thrust, 
operating efficiency and durability. For many years, Ni based super alloys have been used in gas turbine blades, at 
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elevated temperatures, because of its excellent high temperature mechanical properties [1, 5]. Generally, the Ni-
based super alloys have complex and multi-phase microstructures and are stable at high temperatures. This 
characteristic is the main reason for using them in critical and severe service conditions [6-9]. The strengthening 
mechanism of nickel-based super alloys is mainly the coherent precipitation of a large amount of Ni3 (Al, Ti) type 
(phase in a nickel-based) matrix. The morphology of  (precipitates in these alloys has been well documented) a large 
variety of the precipitate shapes have been observed (spheres, cubes, aligned cubes, plates, short plates, a doublet of 
short plates, an octet of cubes, large plates, rafts etc.)[10-13]. The mechanical property behaviors of super alloys 
very strongly relate to the alloy’s microstructure [2-6]. The super alloy’s microstructure continuously change with 
time at the elevated temperatures. In the newly heat treated alloy, the gamma prime  particles are arranged in a 
structure, which results in an optimum balance of tensile, fatigue, and creep properties [7-10].The super cast 247A 
alloy considered in the present investigation, is a cast nickel base super alloy and derives its strength from 
precipitation of fine coherent (within FCC) matrix. Super cast 247A is widely used as gas turbine blades and vanes 
in both military and civil aircraft due to its excellent creep and stress rupture properties. Tensile deformation 
mechanisms of the Ni-based super alloy super-cast 247A at different heat treatment conditions were studied recently 
[14]. The results showed that elongation increased with aging, plus solutioning condition and reaches the maximum 
strength, compared to other conditions, at temperatures higher than 9000oC. Precipitate coarsening contributes to 
higher ductility and lower strengths. The variations reported in the research are in good agreement with previous 
findings for CM 247LC. The results presented in the work showed that different deformation mechanisms operate at 
different heat treatment conditions. Certainly, the effects of the operation of these mechanisms affect the fracture 
behavior of the super cast 247A.To study the tensile fracture mechanisms, specimens (fractured at ambient 
temperatures) were subjected to tensile test and scanning electron microscopy with varying heat treatment 
conditions. It should be noticed that fractography is a powerful technique to determine the fracture mechanisms of 
such fractured specimens. 
 
 
2. Experimental Procedure 
The nickel base superalloy, Supercast 247A was melted at Mishra Dhatu Nigam (MIDHANI), Hyderabad, India 
and the nominal composition of the alloy in wt % is C-0.074, Cr-8.2, Co-9.3, Mo-0.5, Ta-3.2, Ti-0.8, W-9.5, Al-5.6, 
Hf-1.5, B-0.015, Zr-0.014 and balance – Ni. The alloy in remelt stock form with polycrystalline microstructure was 
used in the present study. The test bars of 12mm diameter were given three different heat treatments viz., direct 
ageing, solutionising plus aging and solutionising plus double ageing. The details of the heat treatment schedules are 
given in Table 1. Detailed microstructural examination of the alloy in different heat treatment conditions was carried 
out using optical and scanning electron microscopy. Tensile tests at room temperature were conducted on Instron 
5500R universal testing machine at a crosshead speed of 1 mm/ min (i.e., at an initial strain rate of ~5X10-4 s-1) using 
round specimens of gauge length 25 mm and diameter 3.88 mm. The axial strain was monitored with the help of an 
extensometer of 25 mm gauge length span. To prepare SEM fractography samples, fracture surfaces were cut from 
the gauge length of the specimens, normal to the loading axis. They were cleaned and prepared using an ultrasonic 
cleaner. Fracture surfaces were examined in JEOL make JSM 6390A scanning electron microscopy to observe the 
morphology about failure surfaces. 
 
Table 1. Heat Treatments given to the as-received (as cast) bars. 
Condition Heat treatment cycle 
As cast (I) -------- 
 
Direct ageing(II) 
 
 
8700C/20Hrs → Air cooling (AC) to Room temperature (RT) 
Solutionising + Single ageing (III) Solutionising at 12300C/2hrs + 12600C/2hrs → AC to RT + Ageing at 
8700C/20hrs → AC to RT 
 
Solutionising + double ageing (IV) 
 
Solutionising at 12300C/2hrs + 12600C/2hrs+ 10800C/4hrs→AC to 
RT + Ageing at 8700C/20hrs →AC to RT 
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3. Results and Discussion 
3.1. Tensile behavior of Supercast 247A 
Properties of conventional cast nickel-base superalloys are the principal functions of the content and morphology 
of the γ' phase, grain size and carbide distribution.  Table 2 and Figure 1 presents the tensile properties of Supercast 
247A superalloy with various heat treatment conditions as well as γ' particle sizes. As seen from the test results it is 
observed that sample tested from one step aging condition has resulted in higher yield strength and tensile strength. 
The sample was tested from two step aging heat treatment condition slightly inferior in properties to that of one step 
aging condition and in as cast condition has given the lowest yield strength and tensile strength. Table 2 shows the 
properties obtained on the samples tested in different conditions and the corresponding  particle size measured in 
the particular condition. In this research, the fine grain Supercast 247A superalloy exhibits higher ultimate tensile 
strength, yield strength and lower elongation over those values of coarse grain Supercast 247A superalloy at room 
temperature. Further, the tensile properties are well in compliance with the formula derived for precipitation 
strengthened Ni-base superalloys, which says: , Where  is the stress to shear the particle,  is the inter 
particle spacing, G is the shear modulus and b is the burger vector. Figure 1 (b). Shows the true stress versus true 
plastic strain plots of the Supercast 247A alloy at 298K, in all the conditions on log-log scale. A considerable 
increase in flow stress following full heat treatment involving solution treatment and ageing can be noted from 
Fig.1. However, the flow stress, subsequently, decreases with double ageing. Furthermore, the experimental σ-ε data 
for all the conditions, on log-log scale exhibit two slope behavior with a gradual transition. In addition, the transition 
strain was found to vary with conditions. Alloy in as cast and as cast plus direct ageing condition exhibit almost in 
same level of flow stress. 
 
Table 2. Tensile Properties of Supercast 247A for different Heat treatment conditions. 
Condition 0.2% YS 
(MPa) 
UTS 
(MPa) 
% Elongation % Reduction in area 
As cast 743 900 8.35 15.39 
As cast + ageing 748 897 15.0 17.45 
Solutioning +  
single ageing 
881 911 5.6 13.71 
Solutioning +  
double ageing 
795 892 13.9 16.98 
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Fig.1 (a) Engineering stress- engineering strain curve (b) True stress-true plastic strain curves of Supercast 247A alloy in as cast and different 
heat treatment conditions 
(b) (a) 
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3.2. Fracture Analysis 
The fracture structure of the supercast 247Asuperalloy, fractured in a tensile test at different heat treatment 
conditions were examined to correlate the fracture characteristics with structure and properties. An observation of 
fracture structures of specimens fractured at room temperature in tensile condition indicates the large number of 
grain boundary cracks with less than 200μm in length in the microstructure. There were not any evidence of voids 
on the fracture surface. Therefore, it was concluded that the voids are not present on the fracture surface due to the 
formation of void nucleation and growth. 
 
                     
Figs. 2. (a), (b) Fractured surfaces of the tensile tested samples of Supercast 247A alloy in as cast condition showing the mode of fracture, 
respectively. 
 
On the other hand, the study of fractography shows that the existence of precipitates in the grain boundaries is not 
the reason for the cracks but grain boundary carbides are responsible for crack formation. It should be maintained 
that MC carbides precipitate frequently in the interior of grains, between dendritic arms, but M23C6 carbides 
precipitate of grain boundaries. The separate grain boundary carbides can improve mechanical properties and 
prevent grain boundary sliding. Therefore, it is concluded this mechanism, grain boundary crack fraction is 
predominant at room temperature. Figure (2) shows the typical structures at cast specimen fractured at room 
temperature. The results are in accordance with the low elongation measured in the specimens. 
 
At as cast +aging treatment grain boundary cracks are seen in the microstructure. The difference between these 
specimens are fractured at room temperature in the observation of plastic deformation evidence in the specimens. 
Thus, it is clear that before fracture the specimens experienced a noticeable plastic deformation. The fractographic 
structure is shown in figure (3). The appearance of the plastic deformation traces or slop traces of the material 
between voids depends on the local crystallographic orientation of the region slopping relative to the free surface. In 
many cases the slip traces appear as wavy lines, probably associated with cross slip. It should be noticed that if the 
grain boundary contains particles or if there is a region of practices adjacent and parallel to the boundary, 
intergranular fracture occurs. Intergranular fracture may also occur by plastic deformation of the material between 
voids formed at grain boundaries. Once the void forms, the connecting material continues to deform by slip, 
allowing the voids to expand until they begin to connect. The voids are initiated either by decohesion of the particle 
matrix interface or by fracture of the particles. In the case of the supercast 247A, especially at high temperature, the 
latter mechanism is predominant. 
 
(a) (b) 
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Figs. 3. (a), (b) Fractured surfaces of the tensile tested samples of Supercast 247A alloy in as cast plus aging condition showing the mode of 
fracture, respectively. 
Figure 4 illustrated the fractarography structure of solutioning plus single aging condition. The minimum strength 
is achieved for this alloy by this heat treatment. The structure consisted of grain boundary voids produced during 
plastic deformation. The voids are coalesced and made grain boundary cracks. It is an evidence of void nucleation 
and growth during plastic deformation at high temperatures. We are also,have observed some trasgranular fracture 
mode indicating at the brittle cleavage mechanism. The presence of two differed fracturemodes on the fracture 
surface simultaneously suggests a mixed mode of failure, that supports the maximum ductility of the alloy at this 
condition i.e., solutioning+ single aging. More plastic deformation can be seen clearly. The maximum ductility was 
observed from this condition is attributed to the fine dimples present on the fracture surface indicating void 
coalescence and ductile intergranular fracture. Therefore, it is expected to get more elongation than specimen 
deformed at lower temperatures. It is in accordance with what proposed by Mr. Sajjadi et al [15, 16]. It is noted that 
the size and the shape of the dimples are directly related to the size, shape and dispersion of the γ’ precipitates. The 
strength of the alloy is dependent on the size of the dimples at different heat treatment conditions. 
 
                       
Figs. 4. (a), (b) Fractured surfaces of the tensile tested samples of Supercast 247A alloy in solutioning plus single aging condition showing the 
mode of fracture, respectively. 
(a) (b) 
(a) (b) 
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Figs. 5. (a), (b) Fractured surfaces of the tensile tested samples of Supercast 247A alloy in solutioning plus single aging condition showing the 
mode of fracture, respectively. 
Figure 5 shows a mixed fracture structure of transgranular cracks and intergranular ones for the solutioning plus 
double aging condition. In this case we are not observing the much elongation. The reason for the crack formation 
inside the grains of these specimens is not exactly known. It can be expected that, void nucleation and growth is the 
main mechanism although, because of the small size of voids they could not be seen easily. Grain boundary crack 
formation is the main reason for the minimum ductility produced in this condition. The cracks are nucleated at the 
interface of the grain boundary carbides and matrix. Although, some voids were appearing around γ' precipitates in 
the microstructures obtained from the interior of grains, in addition cleavage evidence were observed in the 
specimens. It was proposed that three important factors can contribute minimum ductility of nickel base superalloy. 
These factors are (i) Grain boundary embrittlement , (ii) Deformation mechanism and (iii) Gamma prime (γ') 
coarsening. Although, some investigators believe that cleavage fracture is the main reason for the low ductility of 
tensile specimens [16-21]. 
Cleavage fracture starts and propagates on the weak {100} planes of the FCC matrix. Such a fracture mode in the 
nickel base superalloy has been reported by several researchers [22,23]. Balikci et al. [17] studied the fracture 
behavior of the superalloy IN 738 LC at different temperatures and postulated that cleavage crack propagation 
{110} planes was probably aided by the fine γ' precipitates. According to literature [24-26] when a growing crack 
intersects the γ' precipitate, it can propagate along the {100} planes of the precipitates since the cleavage planes are 
the same in the γ' precipitates and the nitric sand also varies usually similar preferred orientation in the both phases. 
The presence of transgranular cracks is more noticeable in the specimens deformed at single grain conditions with 
increasing aging time, the voids grow fast and lead to the ductile fracture mechanism with higher elongation. The 
dimples are formed at the interface of carbides and the matrix inside the grains. The interface has become weak at 
aging hold on longer duration and make transgranular cracks. In all the specimens, intergranular cracks can be seen 
with respect to the increasing temperature. And the ratio of intergranular cracks to the transgranular cracks 
decreases. An interesting feature appeared in the fractography is the effect of plastic deformation as fibrous zones on 
the fracture surfaces. The fibrous zones are produced by shear and propagate easily with increasing with aging time. 
 
 
 
4. Conclusions 
The aim of this investigation was to study the fractography of the cast nickel base alloy supercast 247A deformed 
by tension at different heat treatment conditions. Fractography shows crack propagation due to the coalescence of 
voids which are generated due to joining of pores, inherently present due to the solidification characteristics of the 
alloy. The fractography shows the fracture propagation through inter dendrite regions. Fracture surface at higher 
magnification shows its ductile nature with void formation. In the single aging condition, fractography structure 
(a) (b) 
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shows the crack propagation through intergranular region and looks like due to the presence of carbide particle 
cracking. The fracture structure shows void formation in interdendritic regions. The mode of fractures is 
transgranular and intergranular fracture and cleavage showing the other mechanisms operating in a specific 
temperature and heat treatment condition. 
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